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Cervical Spondylosis

An Update
BRUCE M. McCORMACK, MD, and PHILLIP R. WEINSTEIN, MD, San Francisco, California

Cervical spondylosis is caused by degenerative disc disease and usually produces intermittent neck
pain in middle-aged and elderly patients. This pain usually responds to activity modification, neck im-
mobilization, isometric exercises, and medication. Neurologic symptoms occur infrequently, usually in
patients with congenital spinal stenosis. For these patients, magnetic resonance imaging is the pre-
ferred initial diagnostic study. Because involvement of neurologic structures on imaging studies may
be asymptomatic, consultation with a neurologist is advised to rule out other neurologic diseases. In
most cases of spondylotic radiculopathy, the results of conservative treatment are so favorable that
surgical intervention is not considered unless pain persists or unless there is progressive neurologic
deficit. If indicated, a surgical procedure may be done through the anterior or posterior cervical spine;
results are gratifying, with long-term improvement in 70% to 80% of patients. Cervical spondylotic
myelopathy is the most serious and disabling condition of this disease. Because many patients have
nonprogressive minor impairment, neck immobilization is a reasonable treatment in patients present-
ing with minor neurologic findings or in whom an operation is contraindicated. This simple remedy
will result in improvement in 30% to 50% of patients. Surgical intervention is indicated for patients
presenting with severe or progressive neurologic deficits. Anterior cervical approaches are generally
preferred, although there are still indications for laminectomy. Surgical results are modest, with good
initial results expected in about 70% of patients. Functional outcome noticeably declines with long-
term follow-up, which raises the question of whether, and how much, surgical treatment affects the
natural course of the disease. Prospective randomized studies are needed to answer these questions.
(McCormack BM, Weinstein PR: Cervical spondylosis-An update. West J Med 1996; 165:43-51)

Clumsy hands and the wide-based, stooped, somewhat
jerky gait of elderly persons have been described

throughout the ages. Likewise, neck and upper extremity
pain is such a ubiquitous ailment of aging that "pain in the
neck" has entered our language as a figure of speech. It
was not until 1952, however, that it was recognized that
the myelopathy and radiculopathy from cervical spondy-
losis constituted clinical disorders.! Degenerative disease
of the cervical spine and its cartilaginous and ligamentous
structures is known to be the most common cause of cer-

vical cord and root dysfunction in patients older than 55
years.2 Pathogenic mechanisms have been better defined,-"
in part, through advances in neuroimaging, such as mag-

netic resonance (MR) imaging, which has also simplified
diagnosis and facilitated treatment."'

Treatment was largely supportive until 1892 when
Victor Horsely performed a cervical laminectomy for a

patient with spondylotic myelopathy."1 Anterior cervical
spine approaches were developed in the 1950s as the
mechanism of disease and the pathophysiology of radicu-
lopathy and myelopathy were better defined.'213 In the
1970s, the use of the operating microscope and microsur-
gical techniques for cervical spine surgery was popular-

ized.'4"' More recently, spinal instrumentation developed
for the treatment of traumatic instabilitys"" has been used
in patients with cervical spondylosis to do radical de-
compressions, provide spinal stability, and enhance bone
healing."

In this article, we summarize the salient features re-

lated to the pathogenesis, clinical diagnosis, and treat-
ment of cervical spondylosis.

Pathophysiology
Cervical spondylosis is caused by a degeneration of

the intervertebral discs, which fragment, lose water
content, and collapse with normal aging.20'2 Disc degen-
eration causes increased mechanical stress at the cartilagi-
nous end plates at the vertebral body lip. This results in
subperiosteal bone formation or osteophytic bars that ex-

tend along the ventral aspect of the spinal canal and, in
some cases, encroach on nervous tissue. Osteophytes or

"hard disc disease" should be differentiated from soft disc
herniations of fibrocartilage that occur in young and mid-
dle-aged adults.' Spondylotic changes in the cervical
spine occur at solitary disc space levels in 15% to 40% of
patients and at multiple levels in 60% to 85%.1'22 The discs
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ABBREVIATIONS USED IN TEXT
CT = computed tomography
EMG = electromyography
MR = magnetic resonance

between the third and seventh cervical vertebrae are af-
fected most commonly.

Repeated occupational trauma may contribute to the
development of cervical spondylosis.l'324 An increased in-
cidence has been noted in patients who carried heavy
loads on their heads or shoulders, dancers, gymnasts, and
in patients with spasmodic torticollis.22 Not everyone

agrees that trauma is an important causal factor in the
production of this disorder.! In about 10% of patients, cer-
vical spondylosis is due to congenital bony anomalies-
blocked vertebrae, malformed laminae-that place undue
stress on adjacent intervertebral discs.'22

Cervical spondylosis may result in symptomatic spi-
nal cord compression.l'2,22 The presence of a congenitally
narrow spinal canal-diameter of 10 to 13 mm-is a crit-
ical predisposing factor in patients with spondylotic
myelopathy.342'-29 Congenital spinal stenosis is poorly un-

derstood and occurs sporadically, within families, and in
achondroplastic dwarfs.-' Symptomatic cord compression
occurs as degenerative spinal changes result in further
narrowing of a developmentally narrow spinal canal.
Degenerative stenosis is usually caused by ventral spon-

dylotic bars. The thickening of bone and ligaments of
the spinal column, laminar "shingling," and ligamentum
flavum buckling into the posterior spinal canal also con-

tribute to spinal stenosis. Pathologic vertebral body sub-
luxations may further narrow the sagittal diameter of the
canal. Other mechanisms, aside from static cord compres-
sion, have been implicated in the pathophysiology of cer-

vical spondylotic myelopathy.315 Cervical motion causes
chronic cumulative cord trauma from impaction of the
spinal cord against bony spurs or from pathologic sublux-
ation of vertebral bodies. Acute spinal cord injury may
occur from neck extension when the cord is pinched be-
tween anterior osteophytes and an infolding ligamentum
posteriorly. Neural ischemia from repetitive minor contu-
sion due to trauma and vascular compromise due to steno-
sis are also thought to be contributory.

The spinal cords of patients with cervical spondylotic
myelopathy are flattened at the levels of spondylotic pro-
trusions.31 2- At the level of compression, the gray matter is
ischemic, with a loss of neurons and, in some cases, cavi-
tary lesions. There is degeneration of the lateral descend-
ing columns below the level of compression; ascending
posterior columns degenerate above the compressed level.
White matter lesions include irregular areas of pallor,
necrosis, and demyelination.

Cervical spondylotic radiculopathy is caused by nerve
root compression in the neural foramina. 135 The root nor-

mally occupies about a third of the space in the foramen
and is accompanied by radicular arteries and veins. The
root is vulnerable to compression by the facet joint poste-
riorly or the uncovertebral joints and disc anteriorly. The

facet and uncovertebral joints may hypertrophy, or the
disc may rupture or become calcified. It is conjectured
that nerve root irritation may also occur from a degrada-
tion of discal proteoglycans without direct compression.?6
Nerve roots in patients with spondylotic radiculopathy are
flattened, with surrounding fibrosis of the root sleeve.
Wallerian degeneration is uncommon.!

Clinical Spectrum and Natural History
Cervical spondylosis occurs in middle-aged or elderly

patients. It may cause neck pain syndromes, myelopathy,
or radiculopathy.l 125343537 Neck pain and stiffness with ra-
diation into the shoulders or occiput may be chronic or
episodic with prolonged periods of remission. Flexion-
extension injuries, blows to the head, or neck injury while
lifting heavy objects may precipitate an acute exacerba-
tion. Neck pain usually accompanies upper extremity
radicular symptoms and often may be absent in patients
with myelopathy.1'2,1-'4 Abnormal findings of an examina-
tion consist of decreased mobility, muscle spasms, and
tenderness.

Radicular and myelopathic symptoms are usually dis-
tinct syndromes with little overlap.42 There are fewer
cases of myeloradiculopathy in which signs of nerve root
dysfunction in the upper limbs accompany long tract
signs in the lower limbs. In these patients, it is difficult to
know for certain whether to ascribe findings in the upper
limbs to a lesion of the nerve roots or to one of the corre-
sponding segments of the spinal cord. Some think that
myeloradiculopathy is the most common neurologic pre-
sentation of cervical spondylosis.22'27

Myelopathy
Myelopathy due to cervical spondylosis usually devel-

ops insidiously, although episodes of abrupt deterioration
occur.2'21'22'43 Acute spinal cord injury may rarely occur in
elderly patients after traumatic cervical spine hyperexten-
sion.4 The syndrome of "numb, clumsy hands" has been
described in patients with high compressive myelopathy
between C-3 and C-5. Typical symptoms are loss of man-
ual dexterity, with difficulty writing; diffuse, nonspecific
arm weakness; and abnormal sensations.4546 Lesions at
levels C-5 to C-8 cause a syndrome of spasticity and pro-
prioceptive loss in the legs. Patients have difficulty walk-
ing and an unsteady feeling; they often lose their balance
and fall. Urinary frequency and urgency are common. A
complete loss of bowel and bladder function is an end-
stage deficit that is rare.

Neck flexion and extension may elicit electric shock
sensations in the extremities (Lhermitte's sign). There is
motor weakness, sensory loss, and spasticity with exag-
gerated reflexes below the level of spinal cord compres-
sion. Extensor plantar responses are elicited. Myelopathic
syndromes may localize asymmetrically to one side of the
body (Brown-Sequard syndrome). The deficit may affect
predominantly motor function with preserved sensation
(anterior cord syndrome) or cause hand weakness propor-
tionally greater than leg weakness (central cord syn-
drome). Neurologic deficits have been graded on the basis
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of gait4"; effects on activities of daily living'"; or motor,
sensory, and bowel function.49

The natural history of cervical spondylotic myelopathy
is variable, with some patients having a mild protracted
course and others progressive disability.22M3O947,50,51 In a re-
port on 26 untreated patients, motor deficits were found to
have developed over time without complete remission.' In
19 patients, myelopathy progressed episodically, usually
with ongoing deterioration between episodes. In 5 patients,
there was slow, steady progression without remission
phases from the onset onward, whereas in 1 there was a
rapid onset followed by lengthy periods of stability. In a re-
view of 44 patients who had myelopathy on initial presen-
tation, the course of the disease was noted to be "benign,"
with long periods of nonprogressive disability the rule and
a progressively deteriorating course the exception.9 Those
who disagree with these conclusions observed that 25 of
the patients in that study (57%) had severe disability at
some time, and in most this remained5"; only 8 patients
(18%) improved based on the disability category.' In 1967
a report of the experience of 48 patients found a less favor-
able natural history, with 32 patients having a steadily pro-
gressive deterioration.8 In a review of the literature, it was
found that 30% to 50% of patients with myelopathy im-
proved with nonoperative treatment.""

Radiculopathy
Radiculopathies develop insidiously or may be trig-

gered by trauma.* Because more than one cervical spine
segment is often affected, symptoms are more diffuse than
those associated with unilateral soft disc herniation, and
they may be bilateral. Acute neck and arm pain, pares-
thesias, and weakness are typical, but one condition may
exist without the others. Less commonly, the pain may ra-
diate to the chest or face. On examination, sensory loss,
weakness, and hyporeflexia may be seen in a radicular pat-
tern. In advanced cases, muscle wasting and fasciculations
may occur. The C-6 and C-7 roots are the most commonly
affected.3440525355 The Spurling maneuver may be done to
elicit radicular symptoms. It is performed by extending the
patient's neck, rotating the patient's head to the side of the
pain, and then applying downward pressure on the head.56
A recent epidemiologic survey of cervical radiculopa-

thy indicates that symptoms resolve in 75% of patients
with conservative measures.53 A fifth of the patients in that
survey were treated surgically. At six years' follow-up,
90% of patients were asymptomatic or only mildly inca-
pacitated. Disparate outcomes for conservative manage-
ment of cervical radiculopathy have been reported.
Referral center-based studies indicate persistent pain and
incapacity in two thirds of patients treated conserva-
tively.33'9 Surgery-based studies indicate that complete re-
lief with nonoperative therapy occurs in only 29% of
patients.57 Another study found that 23% of patients re-
main partially or totally disabled.58 Physiotherapy centers
find, however, that 70% to 92% of patients have good re-
lief with physiotherapy and cervical traction.545559W1

*References 1, 22, 33-36, 38, 40, 42, and 52-54.

Differential Diagnosis

Cervical spondylosis is ubiquitous in elderly persons,
and neurologic dysfunction may or may not be attribut-
able to spondylotic cervical spine changes seen on imag-
ing studies."6' Misdiagnosis is a well-recognized cause of
a poor surgical outcome."2 Neurologic consultation is ad-
vised to interpret clinical findings and obtain radiologic
and electrophysiologic tests.

The following diseases should be considered in the dif-
ferential diagnosis of cervical spondylosis with my-
elopathy or myeloradiculopathy: motor neuron disease,
multiple sclerosis, spinal cord tumor, syringomyelia, and
tropical spastic paraplegia.2"-3 Spinal cord tumor and sy-
ringomyelia are readily diagnosed with MR imaging.
Tropical spastic paraplegia is attributable to human T-
lymphotropic virus type I and occurs in patients from the
Caribbean region and in patients infected through blood
transfusions.

It may be difficult to differentiate between cervical
spondylotic myeloradiculopathy and motor neuron disease.
Both conditions tend to appear in older patients. The diag-
nosis of motor neuron disease should be favored if sensa-
tion is normal or if muscular fasciculations are present in
the tongue, face, or lower extremities.6263 The clinical diag-
nosis is supported by typical findings on electromyography
(EMG): substantially longer duration of the motor unit po-
tentials combined with signs of denervation, such as fibril-
lations, sharp positive waves, and fasciculations.

The spinal form of multiple sclerosis may mimic the
clinical course of cervical spondylotic myelopathy and
radiculopathy.?"2"3 Patients with cervical myelopathy are
usually older, oligoclonal bands in the cerebrospinal fluid
are absent, and the visual evoked potentials are normal.
Magnetic resonance imaging may detect demyelinating
plaques in patients with multiple sclerosis, but white mat-
ter lesions, probably vascular in origin, are frequently
seen in patients older than 50.

The differential diagnosis for cervical radiculopathy in-
cludes upper limb nerve entrapment syndromes and
brachial neuritis (neuralgic shoulder amyotrophy).M463 The
carpal tunnel syndrome and ulnar neuropathy may be dif-
ferentiated from radiculopathy because symptoms are in
the distribution of a single peripheral nerve whereas mul-
tiple nerves are involved with radiculopathy. Median neu-
ropathy at the wrist, however, may present with proximal
symptoms as high as the neck. Tinel's sign, which consists
of radiating paresthesia in the distribution of a peripheral
nerve when the nerve is tapped with a finger, is often pres-
ent with nerve entrapment. In some patients, the diseases
may coexist, referred to as the double-crush syndrome.'4"5
The syndrome occurs from the proximal compression of
the nerve root at the neural foramen, which weakens the
nerve's ability to withstand distal compression at the wrist
or elbow. Electromyography will distinguish between an
entrapment syndrome and radiculopathy and, if they are
both present, define the distribution of abnormalities.

Acute brachial radiculitis refers to acute shoulder and
neck pain followed by weakness and atrophy of the shoul-
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the introduction ofMR imaging, which directly visualizes
neural structures. Neural foraminal narrowing is seen on

R. : e-¢>,oblique views. Plain radiographs are helpful in assessing
spinal alignment and the contribution of degenerative
spondylolisthesis-relative displacement of one vertebral
body to another-to canal stenosis. Cervical spine flexion
and extension views are used to assess spinal stability.

Magnetic resonance imaging is the preferred initial
imaging study (Figures 1 and 2).7173 In one study, MR
imaging correctly identified 88% of the surgically proved
lesions, compared with 81% for postmyelographic com-

puted tomography (CT), 58% for myelography, and 50%
for CT."2 Advantages include the lack of irradiation, the
avoidance of invasive intrathecal contrast administration,
and the capability of multiplanar imaging." In addition to
its greater sensitivity in the detection of disc disease and
extradural compression, MR imaging also better displays

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~1 S _

Figure 1.-A, A sagittal Ti -weighted magnetic resonance (MR)
image of the cervical spine in a patient with myelopathy shows
detailed gross anatomy. Cord compression is seen at C3-4 and
C4-5. B, Spin echo or gradient echo T2-weighted MR images
provide a "central nervous system myelographic" effect to high-
light anterior cord compression. Increased signal intensity in the
cord on this T2-weighted image indicates cord damage and may
be a poor prognostic sign.

der girdle and the upper limb muscles due to an in-
flammatory allergy. Symptoms are bilateral in 25% of
cases. The syndrome may be differentiated from cer-
vical spondylotic radiculopathy by the high intensity of
the pain followed by weakness, after which the pain usu-
ally recedes, the absence of a Spurling's sign, normal
findings on a cervical paraspinal EMG examination, and
imaging studies that do not show a lesion sufficient to re-
sult in a severe neurologic deficit.

Other diseases may affect the cervical spine and cause
spinal cord or root impingement. Rheumatoid arthritis
affects the cervical spine in 36% to 88% of cases. My-
elopathy may result from basilar invagination, C 1-2
subluxation, and spondylolisthesis of other cervical verte-
brae. Radiculopathy may result from osteoarthritis of in-
tervertebral and uncovertebral joints. Ossification of the 14:>
posterior longitudinal ligament, ankylosing spondylitis, _p
and diffuse idiopathic skeletal hyperostosis are arthritic
conditions that may result in neurologic manifestations
identical to cervical spondylosis.'0

Imaging Studies
Plain radiographs are an inexpensive initial diagnostic

study. They are of limited specificity because degenera-
tive changes are present in both symptomatic and asymp-
tomatic patients.'1 A loss of disc space height and
osteophyte formation with narrowing of the sagittal canal
diameter are visualized on the lateral projection. A narrow

spinl caal,ith sagtta diaeterof 1 to 3 mm ha Figure 2.-A sagittal T2-weighted magnetic resonance image isspinal canal, with a sagittal diameter of 10 to 13 mm, has shown of a patient with myelopathy. The spinal canal is develop-
been associated with a higher incidence of neurologic mentally narrow with cord compression at every level. This pa-
deficits,5'25-29 but this measurement is less important with tient was treated with laminectomy.
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Figure 3.-A, A computed tomographic (CT) scan with sagittal reconstruction is shown in the same patient as in Figure 1 after C-4 ver-
tebrectomy. B, An axial CT scan shows wide decompression of the canal with a bone plug in good position. Note the exuberant bony
overgrowth of anterior osteophytes.

intramedullary cord disease.7 A limitation ofMR imaging
is that it may not provide enough bone detail."' Cervical
MR imaging is also subject to more artifact and distortion
than is lumbar MR imaging.

Computed tomography after the introduction of water-
soluble contrast agents is an alternative accurate method
for evaluating patients with neurologic symptoms.7' Many
surgeons prefer CT myelography for the evaluation of
radiculopathy because CT provides superior imaging of
bone compared with MR imaging and better defines the
anatomy of the neural foramina. Computed tomography
is often used to complement MR imaging to provide ad-
ditional bony detail to characterize the lesion responsible
for neural entrapment (Figure 3).72

Treatment
The treatment of cervical spondylosis may be medical or

surgical, depending on whether a patient presents with symp-
toms of myelopathy, radicular pain, or neck pain. These clini-
cal symptoms overlap, but are discussed separately for clarity.

Myelopathy
Patients presenting with mild myelopathic symptoms

may be treated conservatively and observed over time
because many such patients have a protracted course of
minor impairments without progression. 22,3947,50 The cor-
nerstone of conservative therapy is to immobilize the
cervical spine with a collar that holds the head in a neu-
tral or slightly flexed position.

Surgical treatment is recommended for patients with
moderate or severe disability when first seen because con-
servative therapy yields an improvement rate of only 30%
to 50% of such patients.50 The effects of surgical treatment
on the natural history of spondylotic myelopathy have
been questioned,39'4"62'74 and prospective, randomized stud-
ies have been proposed to clarify the role of surgical ther-
apy.4"62'75 Despite some controversy, the bulk of evidence
suggests that patients with moderate to severe symptoms
of myelopathy are best treated surgically. Several clinical

and radiologic criteria have been recognized as possible
predictors of outcome, including abnormal spinal cord
signals on MR imaging that may portend a poor progno-
sis (see Figure 1-B).7'9"0-18'41'76 In our experience, a brief du-
ration of symptoms and mild neurologic deficits are
associated with a good outcome. Long-standing neuro-
logic disability and traumatic spinal cord injuries are poor
prognostic factors. The best that can be anticipated in
such cases is to prevent further deterioration and perhaps
slightly improve gait and hand function.

For patients with spondylosis who have acute spinal
contusion from neck hyperextension, emergency med-
ical treatment consists of administering methylpred-
nisolone sodium succinate, 30 mg per kg of body weight
in a bolus, followed by 5.4 mg per kg per hour for 23
hours, to be started within eight hours of injury. In a re-
cent study, patients treated with steroids were neurologi-
cally improved at six months' follow-up compared with
patients treated with placebo.77 If indicated, surgical inter-
vention is ideally deferred until spinal cord swelling has
resolved and the neurologic state has become stable.

Surgical therapy for spondylotic myelopathy may be
through either an anterior or a posterior approach; several
large series have failed to establish the superiority of ei-
ther procedure (Figure 4). 497678-80 Myelopathy caused by
osteophytes confined to one or two levels is treated by
an anterior operation with the removal of osteo-
phytes.38'4"5"8"82 In severe cases, radical anterior surgical
decompressions are done using multiple-level verte-
brectomies and reconstruction with instrumentation.'9
Indications for posterior decompression (that is, laminec-
tomy) are encountered less frequently and include cord
compression from posterior structures (that is, ligamen-
tum flavum and hypertrophied facet or laminar bone) and
the presence of a developmentally narrow spinal canal
(see Figure 2). The treatment of multilevel disease is con-
troversial. Many surgeons prefer laminectomy for multi-
level disease,76'78'83-85 whereas we prefer to treat these
patients with an anterior approach. Laminectomy may re-
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Figure 4.-The anterior and posterior approaches to the cervical
cord and nerve roots are depicted. Three posterior procedures
are illustrated: laminectomy, foraminotomy, and laminaplasty.
Laminaplasty procedures expand the spinal canal by partially re-
moving the lamina and elevating the remaining bone fragments.

sult in spinal instability in as much as 10% of patients and
is contraindicated if there is cervical spine kyphosis.8'0'
Laminaplasty, a technique to enlarge the spinal canal by
preserving and elevating the lamina roof over the dura,
may to some extent prevent spinal instability.49"'

Recent surgical series using both anterior and poste-
rior approaches show excellent or good results in about
70% of patients with myelopathy.378''49'0'0 Fewer studies
report less encouraging results.4147"2 In general, results are
better with an anterior operation, with improvement re-
ported in 70% to 80% of patients.49'95""0 Even more im-
pressive results have been reported with radical anterior
decompressions (vertebrectomy).19,1'01'-0' The results of an
anterior procedure may, in part, be biased favorably be-
cause usually the extent of the disease has been limited
to one or two levels and follow-up has been short.7"
Misdiagnosis, surgical trauma, inadequate decompres-
sion, and irreversible spinal cord injury are important
identifiable reasons for a poor surgical outcome."0"0' At

long-term follow-up, functional outcome noticeably de-
clines, but the decline is clearly more pronounced in those
patients with a posterior operation.38'76"9"'0"110 Delayed
neurologic deterioration may occur from disease progres-
sion at other levels and spinal instability.'0" About 20% of
patients deteriorate without radiologic explanation,76'0,",07
indicating that the pathophysiology of cervical spondy-
lotic myelopathy is still enigmatic.

Cervical Radiculopathy
Radicular symptoms resolve in the majority of patients

with simple remedies' or without any treatment whatso-
ever.39 Treatments include activity modification, neck im-
mobilization, intermittent cervical traction, and isometric
exercises when acute neck pain resolves. Nonsteroidal
anti-inflammatory agents will usually provide adequate
pain relief. Diazepam and narcotics are used sparingly. A
short course of steroids-prednisone, 60 mg daily for 7
days and then 5 days tapered-is given occasionally for
severe cases. The instillation of steroids into the cervical
epidural space may be of benefit in patients with pain that
does not resolve with the above therapy.34

The indications for surgical intervention are unremit-
ting pain and progressive weakness despite a full trial of
nonsurgical management. Anterior and posterior ap-
proaches have been used to perform root decompression,
with equal results.33,1"" Foraminotomy, or a posterior ap-
proach, is preferred for nerve root compression due to
facet joint hypertrophy and may be preferred for postero-
lateral disc hemiations. The anterior approach is more ap-
propriate if root compression occurs from osteophyte or
disc located anterior to the root (see Figure 4). If an an-
terior operation is elected, the removal of disc and os-
teophyte is usually followed by the placement of an
interbody strut graft harvested from the hip or from a
bone bank. Others prefer not to use a strut graft and claim
that perioperative morbidity is reduced, complications of
grafting are avoided, and overall clinical results are com-
parable.40112"116 We think that grafting maintains spinal
anatomic alignment and neural foraminal patency and
maximizes the chance for solid bony fusion. Without a
graft, collapse at the discectomy site can cause prolonged
postoperative neck pain and narrow the neural foramen at
that level, with the potential for the development of a
radiculopathy. Instrumentation improves bony fusion
rates, but because instrumentation may result in compli-
cations, it is generally not warranted in routine cases.

Excellent or good results have been reported in 70% to
80% of patients after surgical treatment of spondylotic
radiculopathy using either anterior or posterior approach-
es.?80A In one study, one or more symptoms recurred in
60% of patients within one to six years after the operation,
but episodes of deterioration responded to conservative ther-
apy and rarely required further surgical intervention."'

Neck Pain
Neck pain from spondylosis, in the absence of radicu-

lar symptoms, will usually respond to conservative ther-
apy as outlined for patients with radiculopathy. Depressed

Anterior Surgical Approach

Anterior
osteophytectomy

Posterior Surgical Approaches

Foraminotomy

Laminectomy

X.~- Laminaplasty
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persons, those using disability for secondary gain, and pa-
tients with myofascial pain disorders should be identified.
Surgical treatment is not advocated for neck pain from
spondylosis.33 In our experience in treating patients with
radiculopathy, localized neck pain from single-level disc
disease may resolve with surgical treatment, but pain
from multilevel disease responds less predictably.

Summary
Neck pain from cervical spondylosis will usually re-

spond to simple remedies, including activity modification,
neck immobilization, isometric exercises, and drugs. For
patients with neurologic symptoms, MR imaging is the
preferred initial diagnostic study, although CT myelog-
raphy may still be preferred for evaluating radiculopathy.
In most cases of spondylotic radiculopathy, symptoms
resolve with conservative therapy, and surgical inter-
vention is not considered unless pain persists or there is
progressive neurologic deficit. When indicated, surgical
therapy is performed through either the anterior or pos-
terior cervical spine, depending on the site of neural
impingement. Surgical results are gratifying, with im-
provement in 70% to 80% of patients. Myelopathy is the
most severe and disabling feature of this disease. The nat-
ural history of spondylotic myelopathy is variable, with
some patients having nonprogressive minor impairment
and others relentless neurologic deterioration. Because the
clinical course in any new patient is unpredictable, it is
reasonable to treat patients who have minor symptoms
with a collar and observe them over time. A third to half of
patients improve with this simple remedy. An operation is
advocated for moderate or severe disability. In general, an-
terior cervical approaches are preferred, although there are
still indications for laminectomy. Results are modest, with
initial satisfactory results expected in 70% of patients.
Functional outcome declines with long-term follow-up,
but the decline is clearly more pronounced in those pa-
tients with a posterior operation. This finding raises the
question of whether, and how much, surgical treatment af-
fects the natural course of the disease. Prospective ran-
domized studies will answer these questions.

REFERENCES
1. Brain WR, Northfield D, Wilkinson M: The neurologic manifestations of

cervical spondylosis. Brain 1952; 75:187-225
2. Simeone RA, Rothman RH: Cervical disc disease, In Rothman RH,

Simeone FA (Eds): The Spine. Philadelphia, Pa, WB Saunders, 1982, pp 440-476
3. Braakman R: Management of cervical spondylotic myelopathy and radicu-

lopathy (Editorial). J Neurol Neurosurg Psychiatry 1994; 57:257-263
4. Parke WW: Correlative anatomy of cervical spondylotic myelopathy. Spine

1988; 13:831-837
5. White AA, Panjabi MM: Biomechanical considerations in the surgical man-

agement of cervical spondylotic myelopathy. Spine 1988; 13:856-860
6. Boden SD, McCowin PR, Davis DO, Dina TS, Mark AS, Wiesel S:

Abnormal magnetic-resonance scans of the cervical spine in asymptomatic sub-
jects-A prospective investigation. J Bone Joint Surg [Am] 1990; 72:1178-1184

7. Matsuda Y, Miyazaki K, Tada K, et al: Increased MR signal intensity due
to cervical myelopathy-Analysis of 29 surgical cases. J Neurosurg 1991; 74:
887-892

8. Okada Y, Ikata T, Yamada H, Sakamoto R, Katoh S: Magnetic resonance
imaging study of the results of surgery for cervical compression myelopathy. Spine
1993; 18:2024-2029

9. Takahashi M, Yamashita Y, Sakamoto Y, Kojima R: Chronic cervical cord
compression: Clinical significance of increased signal intensity on MR images.
Radiology 1989; 173:219-224

10. Yone K, Sakou T, Yanase M, Ijiri K: Preoperative and postoperative mag-
netic resonance image evaluations of the spinal cord in cervical myelopathy. Spine
1992; 17(suppl):S388-S392

11. Taylor J, Collier J: The occurrence of optic neuritis in lesions of the spinal
cord-Injury, tumour, myelitis. (An account of twelve cases and one autopsy.)
Brain 1901; 24:532

12. Cloward R: The anterior approach for the removal of ruptured cervical
discs. J Neurosurg 1958; 15:602-617

13. Smith GW, Robinson RA: The treatment of certain cervical spine disor-
ders by anterior removal of intervertebral disc and interbody fusion. J Bone Joint
Surg [Am] 1958; 40:607-624

14. Hankinson H, Wilson C: Use of the operating microscope in anterior cer-
vical discectomy without fusion. J Neurosurg 1975; 43:452-456

15. Hoff V, Wilson C: Microsurgical approach to the anterior cervical spine
and spinal cord. Clin Neurosurg 1979; 26:513-528

16. Caspar W, Barbier DD, Klara PM: Anterior cervical fusion and caspar
plate stabilization for cervical trauma. Neurosurgery 1989; 25:491-502

17. Cooper PR, Cohen A, Rosiello A, Koslow M: Posterior stabilization of cer-
vical spine fractures and subluxations using plates and screws. Neurosurgery 1988;
23:300-306

18. Glasser RS, Fessler RH: Posterior cervical spine fixation. Contemp
Neurosurg 1993; 15:1-8

19. Seifert V, Stolke D: Multisegmental cervical spondylosis: Treatment by
spondylectomy, microsurgical decompression, and osteosynthesis. Neurosurgery
1991; 29:498-503

20. Bailey P, Casamajor L: Osteo-arthritis of the spine as a cause of compres-
sion of the spinal cord and its roots. J Nerv Ment Dis 191 1; 38:588-609

21. Brain WR, Knight GC, Bull JWD: Discussion on rupture of the interverte-
bral disc in the cervical region. Proc R Soc Med 1948; 41:509-516

22. Clark E, Robinson PK: Cervical myelopathy; complication of cervical
spondylosis. Brain 1956; 79:483-510

23. Lane WA: Guy's Hosp Rep 1886; 43:321
24. Wenzel K: Uber die Krankheiten am Ruckgrathe. Bamberg, Germany, WL

Wesche, 1824
25. Arnold JG: The clinical manifestations of spondylochondrosis (spondylo-

sis) of the cervical spine. Ann Surg 1955; 141:872-889
26. Epstein JA, Carras R, Hyman RA, Costa S: Cervical myelopathy caused

by developmental stenosis of the spinal canal. J Neurosurg 1979; 51:362-367
27. Ferguson RJL, Caplan LR: Cervical spondylotic myelopathy. Neurol Clin

1985; 3:373-382
28. Symon L, Lavender P: The surgical treatment of cervical spondylotic

myelopathy. Neurology 1967; 17:117-127
29. Wolfe BS, Khilnani M, Malis L: The sagittal diameter of the bony cervi-

cal spinal canal and its significance in cervical spondylosis. J Mount Sinai Hosp
1956; 23:283-292

30. Edwards WC, LaRocca SH: The developmental segmental sagittal diame-
ter in combined cervical and lumbar spondylosis. Spine 1985; 10:42-49

31. Mair WPG, Druckman R: The pathology of spinal cord lesions and their
relation to the clinical features in protrusion of cervical intervertebral discs (a re-
port of four cases). Brain 1953; 76:70-79

32. Ono K, Ota H, Tada K, Yamamoto T: Cervical myelopathy secondary
to multiple spondylotic protrusions: A clinicopathologic study. Spine 1977; 2:
109-125

33. Dillin W, Booth R, Cuckler J, Balderston R, Simeone F, Rothman R:
Cervical radiculopathy-A review. Spine 1986; 11:988-991

34. Ellenberg MR, Honet JC, Treanor WJ: Cervical radiculopathy. Arch Phys
Med Rehabil 1994; 75:342-352

35. Frykholm R: Cervical nerve root compression resulting from disc degen-
eration and root sleeve fibrosis. Acta Chir Scand 1951; 160(suppl):42-52

36. Rosomoff HL, Fishbain D, Rosomoff RS: Chronic cervical pain:
Radiculopathy or brachialgia-Noninterventional treatment. Spine 1992;
17(suppl):S362-S366

37. Campbell AMG, Phillips DG: Cervical disk lesions with neurological dis-
order-Differential diagnosis, treatment, and prognosis. BMJ 1960; 2:481-485

38. Gregorius FK, Estrin T, Crandall PH: Cervical spondylotic radiculopathy
and myelopathy: A long-term follow-up study. Arch Neurol 1976; 33:618-625

39. Lees F, Turner JWA: Natural history and prognosis of cervical spondylo-
sis. BMJ 1963; 2:1607

40. Lunsford LD, Bissonette DJ, Jannetta PJ, Sheptak PE, Zorub DS: Anterior
surgery for cervical disc disease-Part 1: Treatment of lateral cervical disc hernia-
tion in 253 cases. J Neurosurg 1980; 53:1-11

41. Lunsford LD, Bissonette DJ, Zorub DS: Anterior surgery for cervical disc
disease-Part 2: Treatment of cervical spondylotic myelopathy in 32 cases.
J Neurosurg 1980; 53:12-19

42. Phillips DG: Upper limb involvement in cervical spondylosis. J Neurol
Neurosurg Psychiatry 1975; 38:386-390

43. Clark CR: Cervical spondylotic myelopathy: History and physical find-
ings. Spine 1988; 13:847-849

WJM, July/August 1996-Vol 165, Nos. 112 Cervical Spondylosis-McCormack and Weinstein 49



50 WJM, July/August 1996-Vol 165, Nos. 1/2 Cervical Spondylosis-McCormack and Weinstein

44. Foo D: Spinal cord injury in 44 patients with cervical spondylosis.
Paraplegia 1986; 24:301-306

45. Good DC, Couch JR, Wacaser L: 'Numb, clumsy hands' and high cervical
spondylosis. Surg Neurol 1984; 22:285-291

46. Voskuhl RR, Hinton RC: Sensory impairment in the hands secondary to
spondylotic compression of the cervical spine. Arch Neurol 1990; 47:309-31 1

47. Nurick S: The natural history and the results of surgical treatinent of the
spinal cord disorder associated with cervical spondylosis. Brain 1972; 95:101-108

48. Odom GL, Finney W, Woodhall B: Cervical disk lesions. JAMA 1958;
166:23-28

49. Hukuda S, Mochizuki T, Ogata M, Shichikawa K, Shimomura Y:
Operations for cervical spondylotic myelopathy-A comparison of the results of
anterior and posterior procedures. J Bone Joint Surg [Brl 1985; 67:609-615

50. LaRocca H: Cervical spondylotic myelopathy: Natural history. Spine
1988; 13:854-855

51. Phillips DG: Surgical treatment of myelopathy with cervical spondylosis.
J Neurol Neurosurg Psychiatry 1973; 36:879-884

52. Henderson CM, Hennessy RG, Shuey HM Jr, Shackelford EG: Posterior-
lateral foraminotomy as an exclusive operative technique for cervical radiculopa-
thy: A review of 846 consecutively operated cases. Neurosurgery 1983;
13:504-512

53. Radhakrishnan K, Litchy WJ, O'Fallon MW, Kurland LT: Epidemiology
of cervical radiculopathy-A population-based study from Rochester, Minnesota,
1976 through 1990. Brain 1994; 1 17:325-335

54. Rubin D: Cervical radiculitis: Diagnosis and treatment. Arch Phys Med
1960; 41:580-586

55. Honet JC, Puri K: Cervical radiculitis: Treatment and results in 82 patients.
Arch Phys Med Rehabil 1976; 57:12-16

56. Spurling RG, Scovill WB: Lateral rupture of the cervical intervertebral
discs-A common cause of shoulder and arm pain. Surg Gynecol Obstet 1944:
78:350-358

57. DePalma AF, Subin DK: Study of the cervical syndrome. Clin Orthop
1965: 38:135-142

58. Rothman RH, Rashbaum RF: Pathogenesis of signs and symptoms of cer-
vical disc degeneration. AAOS Instructional Course Lect 1978; 27:203-215

59. British Association of Physical Medicine: Pain in the neck and arm: A
multicentre trial of the effects of physiotherapy. BMJ 1966; 1:253-258

60. Martin GM, Corbgin KB: An evaluation of conservative treatment for pa-

tients with cervical disk syndrome. Arch Phys Med Rehabil 1954; 35:87-92
61. Friedenberg ZB, Miller WT: Degenerative disc disease of the cervical

spine-A comparative study of asymptomatic and symptomatic patients. J Bone
Joint Surg [Am] 1963; 45:1171- 1178

62. Rowland LP: Surgical treatment of cervical spondylotic myelopathy: Time
for a controlled trial. Neurology 1992; 42:5-13

63. Dvorak J, Janssen B, Grob D: The neurologic workup in patients with cer-
vical spine disorders. Spine 1990; 15:1017-1022

64. Massey EW, Riley TL, Pleet AB: Coexistent carpal tunnel syndrome and
cervical radiculopathy (double crush syndrome). South Med J 1981; 74:957-959

65. Osterman AL: The double crush syndrome. Orthop Clin North Am 1988:
19:147-155

66. Favero KJ, Hawkins RH, Jones MW: Neuralgic amyotrophy. J Bone Joint
Surg [Br] 1987: 69:195-198

67. Lane RJM, Dewar JA: Bilateral aneuralgic amyotrophy. BMJ 1978; 1:895

68. Tumer JWA, Parsonage M: Neuralgic amyotrophy (paralytic brachial neu-
ritis)-With special reference to prognosis. Lancet 1957; 2:209-212

69. Cabot A, Becker A: The cervical spine in rheumatoid arthritis. Clin Orthop
1978; 3:130-140

70. Gordon GV: Arthritis of the cervical spine. Mount Sinai J Med 1994;
61:204-211

71. Bell GR, Ross JS: Diagnosis of nerve root compression-Myelography,
computed tomography, and MRI. Orthop Clin North Am 1992; 23:405-418

72. Brown BM, Schwartz RH, Frank E, Blank NK: Preoperative evaluation of
cervical radiculopathy and myelopathy by surface coil MR imaging. AJR 1988;
151:1205-1212

73. Houser WO, Onofrio BM, Miller GM, Folger NW, Smith PL: Cervical
spondylotic stenosis and myelopathy: Evaluation with computed tomographic
myelography. Mayo Clin Proc 1994; 69:557-563

74. Hunt WE: Cervical spondylosis: Natural history and rare indications for
surgical decompression. Clin Neurosurg 1980; 27:466-480

75. Clark CR: Indications and surgical management of cervical myelopathy.
Semin Spine Surg 1989; 1:254-261

76. Ebersold MJ, Pare CM, Quast LM: Surgical treatment for cervical
spondylitic myelopathy. J Neurosurg 1995; 82:745-751

77. Bracken MB, Shepard MJ, Collins WF, et al: A randomized controlled trial
of methylprednisolone or naloxone in the treatment of acute spinal cord injury:
Results of the Second National Acute Spinal Cord Injury Study. N EngI J Med
1990; 322:1405-1411

78. Epstein JA: The surgical management of cervical spine stenosis, spondy-
losis and myeloradiculopathy by means of the posterior approach. Spine 1988;
13:864-869

79. Whitecloud TS III: Anterior surgery for cervical spondylotic myelopa-
thy-Smith-Robinson, Cloward, and vertebrectomy. Spine 1988; 13:861-863

80. Whitecloud TS III: Management of radiculopathy and myelopathy by the
anterior approach, In Bailey RW (Ed): The Cervical Spine. Philadelphia. Pa, JB
Lippincott, 1983, pp 411-424

81. Bernard TN Jr, Whitecloud TS Ill: Cervical spondylotic myelopathy and
inycloradiculopathy: Anterior decompression and stabilization with autogenous
fibula strut graft. Clin Orthop 1987; 221:149-157

82. Schmidek HH, Smith AS: Anterior cervical disc excision in cervical
spondylosis, In Operative Neurosurgical Techniques. New York, NY, Grune &
Stratton, 1988, pp 1327-1324

83. Amasson 0, Carlsson A, Pellettieri L: Surgical and conservative treatment
of cervical spondylotic radiculopathy and myelopathy. Acta Neurochir (Wien)
1987; 84:48-53

84. Epstein JA, Janin Y, Carras R, Lavine LS: A comparative study of the treat-
ment of cervical spondylotic myeloradiculopathy-Experience with 50 cases
treated by means of extensive laminectomy, foraminotomy and excision of osteo-
phytes during the past 10 years. Acta Neurochir (Wien) 1982; 61:89-104

85. Epstein J, Janin Y: Management of cervical spondylitic myeloradiculopa-
thy by the posterior approach, In Bailey RW (Ed): The Cervical Spine.
Philadelphia, Pa, JB Lippincott, 1983, pp 402-410

86. Zdeblick TA, Bohlman HH: Cervical kyphosis and myelopathy-
Treatment by anterior corpectomy and strut-graft. J Bone Joint Surg [Am] 1989;
71:170-182

87. Hattori S, Miyamato T, Kawai S, Saikii K, lImagawa T: A Comparative
Study of Spinal Canal Enlargement and Laminectomy in the Cervical Spine-
Presented at the 8th annual meeting of the Cervical Spine Research Society, Palm
Beach, Florida, December 1980

88. Hukuda S, Ogata M, Mochizuki T, Shichikawa K: Laminectomy versus
laminoplasty for cervical myelopathy: Brief report. J Bone Joint Surg [Br] 1988;
70:325-326

89. Nakano N, Nakano T, Nakano K: Comparison of the results of laminec-
tomy and open-door laminoplasty for cervical spondylotic myeloradiculopathy
and ossification of the posterior longitudinal ligament. Spine 1988; 13:792-794

90. Carol MP, Ducker TB: Cervical spondylitic myelopathies: Surgical treat-
ment. J Spinal Disord 1988; 1:59-65

91. Gorter K: Influence of laminectomy on the course of cervical myelopathy.
Acta Neurochir 1976; 33:265-281

92. Herkowitz HN: The surgical management of cervical spondylotic radicu-
lopathy and myelopathy. Clin Orthop 1989; 239:94-108

93. Samii M, Volkening D, Sepehrnia A, Peukert G, Baumnann H: Surgical
treatment of myeloradiculopathy in cervical spondylosis-A report on 438 opera-
tions. Neurosurg Rev 1989; 12:285-290

94. Wiberg J: Effects of surgery on cervical spondylotic myelopathy. Acta
Neurochir 1986; 81:113-117

95. Yonenobu K, Hosono N, Iwasaki M, Asano M, Ono K: Laminoplasty ver-
sus subtotal corpectomy-A comparative study of results in multisegmental cervi-
cal spondylotic myelopathy. Spine 1992; 17:1281-1284

96. Bertalanffy H, Eggert HR: Clinical long-term results of anterior discec-
tomy without fusion for treatment of cervical radiculopathy and myelopathy-A
follow-up of 164 cases. Acta Neurochir (Wien) 1988; 90:127-135

97. Jamjoom A, Williams C, Cummins B: The treatment of spondylotic cervi-
cal myelopathy by multiple subtotal vertebrectomy and fusion. Br J Neurosurg
1991; 5:249-255

98. Kadoya S, Nakamura T, Kwak R, Hirose G: Anterior osteophytectomy for
cervical spondylotic myelopathy in developmentally narrow canal. J Neurosurg
1985; 63:845-850

99. Teramoto T, Ohmori K, Takatsu T, Inoue H, Ishida Y, Suzuki K: Long-term
results of the anterior cervical spondylodesis. Neurosurgery 1994; 35:64-84

100. Yang KC, Lu XS, Cai QL, Ye LX, Lu WQ: Cervical spondylotic
myelopathy treated by anterior multilevel decompression and fusion-Follow-up
report of 214 cases. Clin Orthop 1987; 221:161-164

101. Boni M, Cherubino P, Denaro V, Benazzo F: Multiple subtotal somatec-
tomy-Technique and evaluation of a series of 39 cases. Spine 1984; 9:358-362

102. Hanai K, Fujiyoshi F, Kamei K: Subtotal vertebrectomy and spinal fusion
for cervical spondylotic myelopathy. Spine 1986; 1 1:310-315

103. Kojima T, Waga S, Kubo Y, Kanamura K, Shimosaka S, Shimizu T:
Anterior cervical vertebrectomy and interbody fusion for multi-level spondylosis
and ossification of the posterior longitudinal ligament. Neurosurgery 1989;
24:864-872

104. Okada K, Shirasaki N, Hayashi H, Oka S, Hosoya T: Treatment of cervi-
cal spondylotic myelopathy by enlargement of the spinal canal anteriorly, followed
by arthrodesis. J Bone Joint Surg [Am] 1991; 7:352-364

105. Saunders RL, Bernini PM, Shirreffs TG Jr, Reeves AG: Central corpec-
tomy for cervical spondylotic myelopathy: A consecutive series with long-term
follow-up evaluation. J Neurosurg 1991: 74:163-170

I I I



WJM, July/August 1996-Vol 165, Nos. 1/2 Cervical Spondylosis-McCormack and Weinstein 51

106. Clifton AG, Stevens JM, Whitear P, Kendall BE: Identifiable causes for
poor outcome in surgery for cervical spondylosis-Post-operative computed myel-
ography and MR imaging. Neuroradiology 1990; 32:450-455

107. Snow RB, Weiner H: Cervical laminectomy and foraminotomy as surgi-
cal treatment of cervical spondylosis: A follow-up study with analysis of failures.
J Spinal Disord 1993; 6:245-250

108. Yonenobu K, Hosono N. Iwasaki M, Asano M, Ono K: Neurologic com-
plications of surgery for cervical compression myelopathy. Spine 1991: 16:
1277- 1282

109. Yonenobu K, Okada K, Fuji T, Fujiwara K, Yamashita K, Ono K: Causes
of neurologic deterioration following surgical treatment of cervical myelopathy.
Spine 1985: 11:818-823

110. Goto S, Mochizuki M, Watanabe T, et al: Long-term follow-up study of
anterior surgery for cervical spondylotic myelopathy with special reference to the
magnetic resonance imaging findings in 52 cases. Clin Orthop 1993; 291:142-153

111. Herkowitz HN: A comparison of anterior cervical fusion, cervical
laminectomy, and cervical laminoplasty for the surgical management of multiple
level spondylotic radiculopathy. Spine 1988; 13:774-780

1 12. Dunsker SB: Anterior cervical discectomy with and without fusion-An
analysis of 81 cases. Clin Neurosurg 1977; 24:516-521

113. Martins AN: Anterior cervical discectomy with and without interbody
bone graft. J Neurosurg 1976: 44:290-295

114. Robertson JT: Anterior removal of cervical disc without fusion. Clin
Neurosurg 1973: 20:259-261

115. Rosen0rn J, Hansen EB, Rosen0m MA: Anterior cervical discectomy
with and without fusion: A prospective study. J Neurosurg 1983; 59:252-255

1 16. Watters WC, Levinthal R: Anterior cervical discectomy with and with-
out fusion-Results, complications, and long-term follow-up. Spine 1994; 19:
2343-2347

. . I I


